Background: Paclitaxel and docetaxel are commonly used for metastatic breast cancer in the People's Republic of China. To improve the safety and efficacy of paclitaxel, an albumin-bound formulation (nab) is now available in the People's Republic of China (Abraxane ® ). To provide health economic data for the key stakeholders, a cost-utility analysis comparing nab-paclitaxel to docetaxel, both as alternatives to paclitaxel, was conducted. Methods: A meta-analysis of clinical outcomes Phase III trials comparing nab-paclitaxel (260 mg/m 2 every [q] 3 weeks) or branded docetaxel (100 mg/m 2 q 3 weeks), to solvent-based branded paclitaxel (175 mg/m 2 q 3 weeks) was undertaken to provide safety and clinical data.
Introduction
The People's Republic of China is a culturally diverse country occupying 2% of the world's land area but supporting approximately 19% of the global population.
1 With a population of 1.36 billion, it is the world's most populous country. 2 Life expectancy and health in general has been steadily improving, as indicated by the steady increase of the human development index. 2 However, the country faces major health care challenges, such as respiratory illnesses caused by air pollution, outbreaks of infectious diseases, as well as cancer. 3, 4 Cancer is a major public health concern in the People's Republic of China, with the age-standardized incidence rate being approximately 339 per 100,000 people. 5 Cancer is also a major cause of death, with the age-standardized mortality being 116 per 100,000 population or almost 1.6 million deaths annually. 5 The most common cause of cancer death for Chinese women is breast cancer, while malignancy of the lung predominates in men. 5, 6 This article was published in the following Dove Press journal: ClinicoEconomics and Outcomes Research 12 May 2015 Number of times this article has been viewed submit your manuscript | www.dovepress.com
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Each year, there are 169,452 new breast cancer diagnoses in the People's Republic of China. 6 Breast cancer is typically subdivided into three disease groups: localized (stage I or II), regional (stage III), and metastatic (stage IV). Approximately 3.3% of all newly diagnosed patients have stage IV disease, while the distribution of stages I, II, and III are 45.0%, 38.2%, and 13.5%, respectively. 7 Up to 30% of node-negative and 70% of node-positive patients with early-stage disease will also have a recurrence within 5 years. 7, 8 Therefore, the number of patients with metastatic breast cancer (MBC) in the People's Republic of China is substantial.
The selection of initial therapy in MBC is primarily guided by treatment given at an earlier stage of the disease. 8 There are several chemotherapies used in the first-line setting, but many are taxane-based. 3 Paclitaxel, docetaxel, and albumin-bound formulation (nab)-paclitaxel (Abraxane ® ) are the three taxanes currently available in for MBC in the People's Republic of China. [9] [10] [11] These agents, especially docetaxel, are associated with potentially severe side effects, such as neutropenia, anemia, and neuropathy. 9, 10 In addition, toxicity with agents like docetaxel is not limited to the frail and elderly, and remains a serious and occasionally lethal risk for even ostensibly fit patients. 12 Furthermore, paclitaxel and docetaxel require prophylactic medication before administration, special infusion sets, and have considerable "chair time" for drug delivery. These features translate into higher treatment costs and burden on the patient. 13, 14 Nab-paclitaxel has at least comparable efficacy, a better side-effect profile than the other taxanes, a shorter infusion time than both docetaxel and paclitaxel (20 vs 60 vs 120 minutes), and does not require premedication or special infusion sets. 11, 15 Nab-paclitaxel is associated with several clinical and drug-delivery advantages relative to paclitaxel and docetaxel. However, it is available at a higher drug acquisition cost compared with branded paclitaxel and docetaxel. In the face of increasing health care costs, pharmacoeconomic data demonstrating value for limited resources is essential for entry into national cancer formularies. To our knowledge, such data has not been generated to identify a cost-effective taxane therapy for MBC in the People's Republic of China. To provide such data, a cost-utility analysis comparing nabpaclitaxel to docetaxel, both as alternatives to paclitaxel, was conducted from a Chinese health care perspective.
Methods
systematic review and meta-analysis
From January 1995 to April 2014, a systematic review of PubMed, Embase, and Google Scholar was undertaken to identify published randomized Phase III trials of single nab-paclitaxel, paclitaxel, and docetaxel for the treatment of MBC. To be included in the meta-analysis, studies had to have incorporated randomization into their design and had MBC patients scheduled to receive first-or second-line chemotherapy. In addition, the doses of paclitaxel, docetaxel, or nab-paclitaxel should have been those that have received regulatory approval (175 to 210 mg/m 2 for paclitaxel, 100 mg/m 2 for docetaxel, and 260 mg/m 2 for nab-paclitaxel). Once the suitable studies were identified, data extraction consisted of patient characteristics, method of drug delivery, drug dosages and schedules, number of cycles administered, incidence of grade 3/4 toxicities, number of deaths, and all disease-related clinical outcomes.
Clinical outcomes data, which consisted of response rates, grade 3/4 toxicities from the various studies were statistically merged using the method of Dersimonian and Laird to calculate a pooled mean and a 95% confidence interval (CI). 16 Equal weighting was used for combining the median progression-free survival (PFS) and overall survival (OS) because variance estimates were not provided in the selected randomized trials.
Cost-consequence comparison
A cost-consequence comparison was initially conducted. The analysis considered costs for all chemotherapy drugs, premedication, resources for preparation and administration and the management of acute side effects. Resource use data for the delivery of taxane chemotherapy was obtained from a time and motion study of 28 breast cancer patients receiving taxane treatment in three hospitals in the People's Republic of China and has been described elsewhere. 17 Unit costs for the individual health care resources were obtained from the Cancer Hospital of Fu Dan University in Shanghai and from the Beijing Municipal Commission of Development and Reform. 18 All costs were converted into US dollars (USD) (1 USD =6.1 RMB, as of December, 2014).
A cost-consequence table was then created to present the data, which subsequently led to the second phase of the study. In this next phase, progression-free year (PFY) and life-year (LY) gained estimates were combined with the cost data to estimate incremental cost-effectiveness ratios for nab-paclitaxel or docetaxel relative to paclitaxel.
Estimating the cost impact of chemotherapy-induced toxicity 
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Cost-effectiveness analysis of taxanes in People's Republic of China factors, alternative dosing schedules, and patient performance status. To measure the cost of these treatment-related toxicities, the incidence method developed by Hamilton and Gordon was used. 19 To apply this method, the incidence (%) of the event reported in a group of patients receiving the treatment is needed along with the cost to treat the event. The percent incidence is then multiplied by the cost per event. In the current study, only side effects of sufficient magnitude, those with a minimum occurrence of 1.5% for a given drug were evaluated for cost impact. The cost of treating each side effect in the People's Republic of China was estimated from expert opinion and from a survey of treatment algorithms used in the Cancer Hospital of Fu Dan University (Fu Dan University, unpublished data, 2014).
Treatment preferences and health state utilities
Health-related quality of life with each treatment was measured in the current study, and these were presented as treatment preferences and health state utilities. The health states evaluated consisted of six cycles with docetaxel or nab-paclitaxel, both as alternatives to five cycles of paclitaxel. Within each health state, the main attributes consisted of method and schedule of drug administration, the frequency of grade 3/4 toxicities, as well as median PFS and OS. The Time Trade-Off technique was then used to measure the "healthy month" equivalence for the time spent in each health state. 20, 21 Scores in healthy month equivalence were then converted into quality-adjusted life-years (QALYs) by dividing the point estimates by 12 months.
The optimal sample for estimating treatment preferences and health state utilities should have been actual MBC patients who are potential candidates for taxane therapy. Given the terminal nature of MBC, patients with early-stage disease were interviewed and were the source of health state utility data. Hence, 28 early-stage breast cancer patients from the Cancer Hospital of Fu Dan University were interviewed to measure health state utilities and treatment preferences for the three taxanes. With a sample size of 28 patients, the precision level for the health state utilities was at ±1.0 month, 95 times out of 100. The study was approved by the institutional ethics review board (Fu Dan University Ethics Review Committee).
Following informed consent, the three treatments were described to each patient and this consisted of information on how each drug is delivered, how often treatment is monitored, the number of clinic visits that would be required, and the side effects to be anticipated. In the second part of the interview, the clinic data derived from the meta-analysis was presented.
This consisted on the median number of treatment cycles, the response rates, as well as median PFS and OS.
To apply the Time Trade-Off technique, patients were then asked to determine how many months of "optimal health" they thought would be equivalent to the period of time in each of the less than optimal health states previously described to them. The final estimates were used to weigh the length of time within each health state by the quality of life that a patient living through that period would experience. The final utility values derived from the interviews where then estimated by taking the ratio of the equivalent time in optimal health to the months receiving treatment with docetaxel, nab-paclitaxel, or paclitaxel (eg, 5.5 healthy months was equivalent to 15.4 months in the docetaxel scenario; hence, the health state utility would be 0.36). The range of the utility value would be 0-1, with 1 being optimal health and 0 representing death.
Cost-utility analysis
A cost-utility analysis was then conducted by combining the economic, clinical, and QALY values derived using the study methodology. The incremental cost per QALY gained with docetaxel and nab-paclitaxel was the primary study outcome. This was determined by dividing the cost difference relative to paclitaxel (numerator) with the incremental number of QALYs gained (denominator). Benefits and costs were not discounted because the time intervals were short. However, a sensitivity analysis to test the stability of the baseline results was undertaken. This included reanalyzing the data using variations (ie, ±10%) in the QALY estimates, cost of drugs, and side-effects management.
Results
Meta-analysis of randomized trials in advanced stage patients
The study inclusion criteria were met by ten randomized Phase III trials, which evaluated single-agent paclitaxel, docetaxel, and nab-paclitaxel. Eight trials evaluated paclitaxel, docetaxel, or nab-paclitaxel in a mix of first-and second-line patients (Table 1) . A paclitaxel trial also compared three doses (250 vs 210 vs 175 mg/m 2 ) in patients receiving first-and second-line therapy. 23 The arm with the higher dose was not included in the meta-analysis, as this dose has not been approved. There were also three trials evaluating single-agent docetaxel (100 mg/m 2 ) that met the study inclusion criteria for the meta-analysis. 10, 24, 25 Point estimates from the meta-analysis for overall tumor response, time to progression, and OS suggested that nabpaclitaxel 260 mg/m 2 provided comparable outcomes with Table 2 . It appeared that nab-paclitaxel had the most favorable toxicity profile, with the lowest rates for neutropenia, anemia, thrombocytopenia, hypersensitivity reaction, and treatment-related death (Table 2) .
Measuring the cost impact of grade 3/4 toxicity
The side effects that were the most prominent with taxane therapy were neutropenia, febrile neutropenia, anemia, diarrhea, stomatitis, emesis, edema, and neurotoxicity (Table 2) . To apply the incidence method, the estimated cost to manage each toxic event was multiplied with the incidence rates estimated from the statistical analysis. The cost impact of each toxicity was combined and then added to the cost per course of therapy (Table 3) .
Cost comparison
A cost comparison table highlighting the cost and benefits of docetaxel, nab-paclitaxel, and paclitaxel was then constructed. The clinical data suggested that nab-paclitaxel (260 mg/m 2 q 3 weeks) provides similar objective tumor responses and PFS to docetaxel. In contrast, nab-paclitaxel appears to be superior to paclitaxel in these two clinical end points. From an economic perspective in the People's Republic of China, nab-paclitaxel had the highest drug cost per cycle and per course among the three agents (Table 4) . However, nabpaclitaxel had the most favorable safety profile, which translated into lower costs for side-effects management (Table 4) When the cost of treating side effects was added to the overall cost per course, nab-paclitaxel remained the highest-cost regimen. Standard branded paclitaxel would be the least costly agent for the treatment of MBC in the People's Republic of China. Notwithstanding, for an accurate measure of cost effectiveness, the incremental cost of both nab-paclitaxel and docetaxel relative to paclitaxel has to be weighed against the difference in PFS, OS, and qualityadjusted survival benefit.
Cost-effectiveness analysis
The analysis was continued with a cost-effectiveness analysis, with the intent of estimating the incremental cost per PFY and LY with nab-paclitaxel or docetaxel, when each agent was used as an alternative to paclitaxel (Table 5) . Docetaxel had an overall cost of $26,200 per PFY gained compared with $86,500 for nab-paclitaxel. When the analysis was extended to include differences in OS, the cost per LY gained with docetaxel and nab-paclitaxel were reduced to $24,000 and $58,900, respectively. These findings imply that in the Chinese health care setting, docetaxel is less costly per LY gained than is nab-paclitaxel, when both agents are used as alternatives to standard branded paclitaxel. However, it is important to point out that these calculations do not as yet consider the utility differences associated with each agent.
Treatment preferences and health state utilities
Treatment preferences and health state utilities for each alternative were provided by interviewing 28 breast cancer patients with early-stage disease. Patients had a mean of 50 years (range 31-72 years), and 22 of 28 (78.6%) had previously received chemotherapy. In addition, 18 of 28 submit your manuscript | www.dovepress.com
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Dranitsaris et al Table 5 Cost-effectiveness and -utility analysis of taxane therapies in metastatic breast cancer 95% Ci limits were estimated using the 95% Ci limits for the difference in the healthy month equivalent (ie, in the denominator), while keeping the cost differences relative to paclitaxel (ie, in the numerator) constant; e dominated means that docetaxel is more costly and does not provide more benefit in terms of QALYs gained than paclitaxel. Abbreviations: CI, confidence interval; LY, life-year; PFY, progression-free year; QalY, quality-adjusted life-year.
QALY gain (an additional 2.24 health months equivalence, equal to a QALY gain of 2.24 months/12 months). The results suggested that nab-paclitaxel would be associated with incremental cost of approximately $57,900, per QALY gained (95% CI: $38,200 to $128,800) relative to paclitaxel. However, the cost per QALY gained with docetaxel would be substantially higher, at $130,600, to being economically dominated by paclitaxel (Table 5) . A finding of economic dominance suggests that docetaxel is more costly and does not provide added benefit (ie, QALYs) when used as an alternative to paclitaxel. In contrast, nab-paclitaxel appears to be cost effective relative to paclitaxel. sensitivity analysis on the incremental cost per QalY gained A series of one-way sensitivity analyses were conducted to evaluate the stability of the initial cost per QALY-gained outcomes. This consisted of varying the number of QALYs gained for nab-paclitaxel and docetaxel, the drug acquisition cost of paclitaxel and docetaxel, as well as the cost of side effects and the overall cost per course for these agents by ±10%. The results were, for the most part, stable and only modestly susceptible to the paclitaxel and docetaxel drug cost. When the cost of paclitaxel was reduced by 10%, the cost per QALY gained for nab-paclitaxel and docetaxel increased to $61,900 and $151,400, respectively. Even a doubling the cost of side-effects management had only a marginal effect on the final cost per QALY estimates.
Discussion
A comprehensive economic analysis was undertaken from a Chinese health care perspective to evaluate overall health care resource use for the three taxanes available for MBC in the People's Republic of China. The analysis was then extended into a cost-effectiveness analysis, which initially estimated the cost per PFY and cost per LY gained with nab-paclitaxel or docetaxel, both as alternatives to paclitaxel. The findings suggested that both nab-paclitaxel and docetaxel would be associated with higher costs than paclitaxel per PFY and LY gained. When differences in health state utilities were incorporated into the analysis, the incremental cost per QALY gained became favorable for nab-paclitaxel over docetaxel, when both were considered as alternatives to standard branded paclitaxel.
The meta-analysis of randomized comparative trials also indicated that nab-paclitaxel has the most favorable toxicity profile among the three agents. In addition, a recent time and motion study conducted in the People's Republic of China (64.3%) had prior taxane experience. Of these 18, 14, three, and one had received docetaxel, paclitaxel, and nab-paclitaxel respectively. Of the 22 patients who had previously received chemotherapy, 20 (71.4%) had experienced acute toxicity with their treatment.
Following the presentation of all background clinical data on each regimen, patients were asked to select which drug they would like to receive if their disease became metastatic. Twenty-two of 28 (78.6%) patients selected nab-paclitaxel as their treatment of choice. Only six of 28 (21.4%) chose docetaxel as their first choice and none selected paclitaxel. The healthy month equivalence scores were then converted into utilities, which were between 0 and 1, with the extremes being death and ideal health. The results indicated that nabpaclitaxel had a utility score of 0.63 compared with 0.57 and 0.51 for paclitaxel and docetaxel, respectively. Nabpaclitaxel also had the largest increment in healthy month equivalence scores compared with paclitaxel (2.24 months or 0.19 [95% CI: 0.13 to 0.25] QALYs gained). However, the increment in healthy month equivalence scores with docetaxel relative to paclitaxel was more modest, with a gain of only 0.44 months, which is equivalent to 0.037 QALYs (Table 5) .
Cost-utility analysis
One of the limitations in estimating the cost per LY gained in the current study is that it does not incorporate differences in utilities between the three treatments. Therefore, a cost-utility analysis was undertaken where the additional cost of nab-paclitaxel ($10,812) was divided by the 0. 
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Cost-effectiveness analysis of taxanes in People's Republic of China revealed that nab-paclitaxel had a significant impact on reducing materials, supplies, personnel, and, most important for the patient, total chair time for drug delivery. 17 Combining all of these attributes should make nab-paclitaxel the preferred therapy, at least from the patient's perspective. The results from our preference assessment support this hypothesis. Overall, 22 of 28 (78.6%) patients selected nab-paclitaxel as their taxane of choice. These findings are consistent with other preference studies and are relevant because our sample consisted of early-stage breast cancer patients who may be future candidates for taxane therapy. 29 In the current study, the cost per QALY gained with nab-paclitaxel and docetaxel were estimated to be approximately $58,000 and $131,000, respectively, when used as an alternative to paclitaxel. The value of estimating such cost per QALY gained ratios is that they allow a comparison of drugs within and across therapeutic areas. As an illustration, the incremental cost per QALY gained in the United States when bevacizumab is added to first-line paclitaxel in patients with MBC is cost ineffective, at $745,000 per QALY gained. 30 Similarly, the addition of bevacizumab to standard chemotherapy for patients with advanced ovarian cancer has a cost of approximately $2.4 million per QALY. 31 However, such ratios should not be compared across countries because of differences in health care systems and thresholds for economic value. In the People's Republic of China, cost per QALY thresholds for drug-formulary decision making have not been established. Therefore, local regions will need to consider the cost per QALY estimates determined for the three taxanes in this study and make a value-based decision that meets the needs of their patients and their annual cancer drug budgets.
There are a limited number of breast cancer cost-utility studies conducted in the People's Republic of China, making intracountry comparisons across different treatments difficult. 32 Nevertheless, cost-utility studies should be encouraged in the People's Republic of China because they would better inform drug policy decision making. To our knowledge, this is first such study in MBC patients to be undertaken in the People's Republic of China, and we encourage other investigators to conduct similar investigations in order to develop a value database for cancer drugs.
There are a number of limitations in the current economic analysis that have to be addressed. We had to rely on cross-trial comparisons for the relevant clinical and safety outcomes because there were no head-to-head comparative studies evaluating each of the three agents. However, a randomized Phase II trial in the first-line setting did confirm that nab-paclitaxel had a lower incidence dose-limiting toxicities than did docetaxel. 15 Nevertheless, cross-trial comparisons are associated with potential biases, especially in comparing toxicity differences and OS gains. There was only one trial comparing nab-paclitaxel to paclitaxel. In estimating the cost per course, the median number of cycles delivered in the clinical trials was used instead of the mean because the latter was not reported. The OS differences between nab-paclitaxel and paclitaxel, as reported in the pivotal randomized trial, was used in the cost-effectiveness analysis.
11 However, the difference in OS did not reach statistical significance. This is not uncommon in trials of anticancer agents and may be due to less than optimal statistical power and the impact of secondary therapies.
Conclusion
In summary, the findings of the economic evaluation indicated nab-paclitaxel would be a cost-effective alternative to docetaxel as initial therapy in MBC, from the Chinese health care perspective, and would be most preferred by patients. When used in place of paclitaxel, key stakeholders in the People's Republic of China must make a value judgment, as it relates to a cost per QALY gained of approximately $58,000. Relative to other anticancer agents that have received reimbursement in Europe and the United States, this seems to be a reasonable proposition.
